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Circuit arrangement 



The invention relates to a circuit arrangement for operating a high pressure 
discharge lamp equipped with 

input terminals for connection to the poles of a supply voltage source 
a DC-DC-converter coupled to the input terminals and comprising 
an inductive element LI, 
* a unidirectional element Dl, 
a switching elranent SI, 
output temiinals, 

a first control circuit coupled to a control electrode of the switching 
element SI for generating a control signal for rendering the switching 
element SI alternately conductive and non-conductive, 
a second control circuit, coupled with the first control circuit for 
controlling the level of an output voltage of the DC-DC converter that 
is present between the output terminals, 
a DC-AC-converter coupled to the output terminals and equipped with lamp 
comiection terminals for generating an AC lamp voltage out of the output 
voltage. 

Such a circuit arrangement is knoAvn firom DE 10025610 Al . During the 
starting phase (the phase between ignition and run-up) of the high pressure discharge lamp 
(further also indicated as lamp), the discharge m the high pressure discharge lamp has not yet 
become stable. To keep the discharge alive, a comparatively high output voltage is needed. 
This comparatively high output voltage, however, leads to a relatively high power dissipation 
in the circuit arrangement afl:er the starting phase, when the high pressure discharge lamp is 
in stationary operation. 

The invention aims to provide a circuit arrangement for operating a high 
pressure discharge lamp that effectively stabilizes the discharge during the starting phase and 
has a comparatively low power dissipation during stationary lamp operation. 
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A circuit arrangement as motioned in the opening paragraph is therefor in 
accordance with the invention characterized in that the second control circuit is further 
equipped with a state control circuit for changing the level at which the output voltage is 
controlled £roin a first level associated with the startmg of the high pressure discharge lamp 
to a second level associated witih the stationary operation of the high pressure discharge lamp. 

More in particular by choosing the first level higher than the second level, a 
high output voltage, necessary to stabilize the discharge, is present during the starting phase. 
A lower output voltage, however, is present when the high pressure discharge lamp is in 
stationary operation so that power dissipation in the circuit arrangement is limited. 

It has been found that a dependable and correct functioning of the state control 
circuit can be realized; in case the circuit arrangement is equipped with means for generating 
a power signal that represents the power supplied to the high pressure discharge lamp and for 
activating the state control circuit after the power signal has increased above a predetermined 
reference value. To account for minor diiSerences in the behavior of individual lamps and to 
make sure that the output voltage is only lowered when the lamp plasma has actually become 
stable, it has been found advantageous to further equip the circuit arrangement with a delay 
circmt coupled to the state control circuit for timing a predetermined delay time interval after 
the power signal has increased above the predetetmiued reference value and for activating the 
state control circuit after said predetermined delay time interval has timed out. 

When the circuit arrangement is operating in the stationary state, the amount 
of power dissipated in the components of the circuit arrangement decreases, when the second 
level is decreased. However, a decrease in the second level also causes the reignition of the 
lamp to take longer. This slow reignition has been found to cause a rapid decrease in lamp 
performance. For this reason it is advantageous to equip the second control circuit with a 
third control circuit coupled to ttie lamp connection terminals for controlling the second level 
in dependency of the width of a reignition voltage peak present between the lamp terminals 
when the DC-AC-converter changes the polarity of the lamp voltage. The third control circuit 
makes sure that the power dissipation during stationary operation is relatively low while 
reignition of the lamp is taking place relatively fast so that a rapid decrease in lamp 
performance is avoided. 

Good results have been obtained with a circuit arrangement according to the 
invention, wherein the DC-AC-converter is a bridge circuit comprising at least two bridge 
switching elements and a bridge control circuit coupled with control electrodes of the bridge 
switching elements. 
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An embodiment of a circuit arrangement according to the invention will be 
explained making reference to a drawing. In the drawing 

Fig. 1 shows an embodiment of a circuit arrangement according to the 
invention with a high pressure discharge lamp connected to it. 

In Fig. 1, Kl and K2 are input terminals for connection to the poles of a 
supply voltage source. In put terminals Kl and K2 are connected by means of a series 
arrangement of inductor LI and switching element SI. The inductor LI forms an inductive 
element LI. A common terminal of inductor LI and switching element SI is connected to an 
anode of diode Dl. Diode Dl forms a unidirectional element Dl. Terminal K3 is connected 
to a cathode of diode Dl. Terminal K4 is connected to input terminal K2 via ohmic resistor 
R. A control electrode of switching element SI is connected to an output terminal of circuit 
part L Circuit part I is a first control circuit for generating a control signal for rendering the 
switching element SI alternately conductive and non-conductive. An input terminal of circuit 
part I is connected to an output terminal of circuit part II. Circuit part II is a second control 
circuit for controlling the level of an output voltage that is present between the output 
terminals. An output terminal of circuit part 11 is connected to an input temiinal of circuit part 
I. Circuit part 11 comprises a circuit part SSC and a circuit part III. Circuit part SSC is a state 
control circuit for changing the level at which the output voltage is controlled from a first 
level associated with the starting of the high pressure discharge lamp to a second level 
associated with the stationaiy operation of the higji pressure discharge lamp. Circuit part ni 
forms a third control circuit for controlling the second level of the output voltage in 
dependency of the width of a reignition voltage peak present between the lamp terminals 
when the DC-AC-converter changes the polarity of the lamp voltage. An input terminal of 
circuit part II is coimected to the cathode of diode Dl . Circuit parts I and n, inductor LI , 
switching element SI, diode Dl and terminals K3 and K4 together form a DC-DC-converter 
of the type up or boost converter. K3 and K4 form the output terminals of the DC-DC- 
converter. Terminals K3 and K4 are connected by means of a series arrangement of 
switching elements S2 and S3 and by means of a series arrangement of capacitors CI and C2, 
Switching element 82 is shimted by diode D2 and switching element S3 is shunted by diode 
D3. Respective control electrodes of switching elements S2 and S3 are coimected to 
respective output terminals of a circuit part CC for generating control signals to render 
switching elements S2 and S3 alternately conductive and non-conductive. A common 
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terminal of switching elements S2 and S3 is connected to a common terminal of capacitors 
C 1 and C2 by means of a series arrangement of an inductor L2, terminal K5, high pressure 
discharge lamp LA and terminal K6. Teraiinals K5 and K6 are terminals for lamp connection 
and are connected by a capacitor C3 that shunts the high pressure discharge lamp LA. Circuit 
part CC, switching elements S2 and S3, capacitors CI, C2 and C3, inductor L2 and lamp 
connection terminals K5 and K6 together form a DC-AC-converter for generating an AC 
lamp current out of the output voltage. This DC-AC-converter is abridge circuit. Input 
teraiinal K2 is connected to a first input terminal of circuit part PSG. A second input terminal 
of circuit part PSG is connected to terminal K3. Ohmic resistor R and circuit part PSG 
together form means for generating a power signal that represents the power supplied to the 
high pressure discharge lamp and for activating the state control circuit SCC. An output 
terminal of circuit part PSG is connected with an input terminal of circuit part DT, Circuit 
part DT is a delay circuit for timing a predetermined delay time interval after ttie power 
signal has increased above the predetermined reference value and for activating the state 
control circuit SSC after said predetermined delay time interval has timed out. An output 
terminal of circuit part DT is connected to an input temiinal of state control circuit SSC. 
Cncuit part HE is coupled to lamp connection terminals K5 and K6. In Fig. 1 this coupUng is 
represented by means of a dotted line. 

The operation of the circuit arrangement shown in Fig. 1 is as follows. 

When the input terminals Kl and K2 are connected to the poles of a (DC) 
supply voltage source, a DC supply voltage is present between the input terminals Kl and 
K2. Circuit part I generates a control signal that renders switching element SI altemately 
conductive and non-conductive. As a result the DC supply voltage is converted by the DC- 
DC-converter into an output voltage that is a DC-voltage with an amplitude that is higher 
than the amplitude of the DC supply voltage. This output voltage is present between the 
terminals K3 and K4 and (immediately after ignition) is controlled at a first level that is 
relatively high by the circuit part n. The circuit part CC generates control signals that 
altemately rendCT switching elements S2 and S3 conductive and non-conductive. More in 
particular the switches S2 and S3 are controlled in a way fhsA is known in the art as the half 
bridge commutating forward mode. In the first half a period of this mode the first switch is 
non-conductive, while the second switch is rendered altemately conductive and non- 
conductive at a high fi-equency. In the second half period of this mode the first switch is 
rendered altemately conductive and non-conductive at a high fi-equency, while the second 
switch is non-conductive. As a result the current through the lamp is a low frequency 
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substantially square wave shaped AC current In a first approximation the power consumed 
by the lamp is equal to the power consumed by the DC-AC-converter. This latter power is the 
product of the current consumed by the DC-AC-converter multiplied by the voltage present 
between terminals K3 and K4. Circuit part PSG generates a power signal that represents this 
power, by multiplying the voltage over ohmic resistor R (representing the cvxreat consumed 
by the DC-AC-converter) with the amplitude of the voltage between terminals K3 and K4. 
The power signal is compared with a predetermined reference value by means of a 
comparator comprised in circuit part PSG. Immediately after the high pressure discharge 
lamp has been ignited in a way that is well known in the art the discharge in the lamp is not 
yet stable and the power consumed by the lamp is relatively low. As a consequence the 
power signal is lower than the predetermined reference value and the output of the 
comparator that is connected to the output of circuit part PSG is low. After some time the 
plasma in the high pressure discharge lamp LA stabilizes and the amount of power consumed 
by the lamp increases. The power signal increases as well and when the power signal has 
increased above the predetermined reference value, the voltage at the output terminal of 
circuit part PSG changes firom low to high. This change activates a timer that is comprised in 
circuit part DT. The timer times out a predetermined delay time interval. When this 
predetermined delay time interval has been timed out, the output terminal of circuit part DT 
changes Gcom low to high and the state control circuit SSC is activated. The state control 
circuit SSC changes the level at which the output voltage is controlled from a first level 
associated with the starting of the high pressure discharge lamp to a second level of 
associated with the stationary operation of the high pressure discharge lamp. This second 
level is lower than the first level. As a result the power dissipation in the DC-AC-converter is 
decreased. During stationary operation the circuit part in monitors the width of the 
reignition voltage peak that is present between the lamp tOTninals when the DC-AC- 
converter changes the polarity of the lamp voltage. Circuit part HI comprises a comparator 
coupled to a timer. The comparator compares the voltage over the lamp with a reference 
value. The reference value is chosen between the lamp voltage when the lamp is conducting 
the lamp current and the highest value of the lamp voltage during reignition. When flie 
voltage over the lamp is highCT than the reference value, the comparator activates the timer 
and when the voltage over the lamp is lower than the reference value the comparator stops 
the timer. The timer thus times the time interval during which the voltage over the lamp is 
hi^er than the reference value. This measured time interval is compared with a reference by 
means of a further comparator. When the measured time interval is higher than the reference. 
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this means that the reignition is too slow and the circuit part n increases the level at which 
tiie output voltage present between teiminals K3 and K4 is controlled. When the measured 
time interval is lower than the reference, this means that the reignition is taking place faster 
than necessary to prevent a rapid decrease in lamp performance while the power dissipation 
in the circuit arrangement is relatively high. To lower fliis power dissipation the circuit part n 
decreases the level at which the output voltage is controlled. Thus the circuit part n realizes 
that the level of the output voltage is controlled such that power dissipation is relatively low 
while the reignition of the lamp is taking place fast enough to prevent a rapid decrease in 
lamp perfomiance. 



